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Abstract 
This paper compared the results of experimental test of the biaxial flexural tensile strength of concretes to that of the 
uniaxial flexural strength according to the size of specimens. The uniaxial and biaxial flexural strengths in this study 
were obtained from the classical modulus of rupture (MOR) test and the biaxial flexural test (BFT) recently 
developed by Zi and Oh. We estimated load-strain relationship on the bottom surface of BFT specimens and three 
different sizes were considered to investigate the effect of the size of specimens. The average biaxial flexural tensile 
strength was greater than the classical modulus of rupture test. However, at the same time, the stochastic deviation of 
the biaxial test was greater than the modulus of rupture test. The load- strain relationships of two strain gages placed 
in the bottom surface of specimens is almost identical. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The flexural tensile strength is one of the most important parameters used to design concrete 
structures together with the compressive strength. The flexural tensile strength is not a constant parameter 
but rather depends on the stress state. For example, pavements and deck panel are subjected to multiaxial 
stress throughout their body. However, for practical reasons, it is preferred to use the data from the 
classical modulus of rupture test when we consider the flexural tensile strength. In this paper, we show 
that our experimental data of the classical modulus of rupture test and the biaxial flexural test (BFT) 
recently developed by Zi and Oh (Zi et al. 2008). We estimated load-strain relationship on the bottom 
surface of BFT specimens and three different sizes were considered to investigate the effect of the size of 
specimens. 
2. The Biaxial Flexure Test (BFT) 
In order to measure the biaxial flexural tensile strength of concretes, the MOR test was generalized to 
three dimensions for the BFT as shown in Figure 1. Instead of a prismatic concrete specimen, we use a 
circular concrete plate. The plate is supported on the top of a ring support. The external loading is applied 
to the specimen through another ring.  
 
(a)                                    (b) 
Figure 1: The theoretical moment distribution of specimen of (a) the modulus of rupture test and (b) biaxial flexural test. 
In the MOR test specimen, the nominal stress caused by the load is uniform on the bottom surface 
between the two load points, so it is obvious that on the bottom surface of the concrete plate within the 
circle on which the load is applied, the stress is constant in any direction in the region (Figure 1). The 
uniform distribution of the principal stress calculated by a commercial finite element program is shown in 
Figure 2. 
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Figure 2: FE analysis result on the biaxial flexural test. 
3. Experiment
3.1. The materials and experimental method 
Experiments were performed using two kinds, B and U, for the biaxial strength and the uniaxial 
strength. The circular specimen mentioned above was used for series B. Three different sizes of 
specimens were used. The diameters were 18.75, 37.5, and 75 cm, and the heights were 3, 6, and 12 cm, 
respectively. To investigate the difference of the biaxial strength to the uniaxial strength, one-dimensional 
specimens were prepared to be the same sizes as the circular specimens. The thickness of the classical 
MOR test specimens was fixed as 6 cm. The detailed dimensions of the specimens are given in Table 1. 
To minimize the effect of anisotropy caused by too big aggregates, the size of the maximum aggregates 
was limited to a sixth of the height of the specimens. The sizes were 5, 10 and 20 mm, respectively, 
which meant that three different concretes were used for the experiment.  
Although only the maximum load was of interest, the increment of the displacement was controlled 
instead of the load. The velocity of the loading plate was 1 mm/min. The increase of the load and the 
development of cracks were carefully monitored. 
Table 1: Test variables 
Series Height (mm) Size(mm) (H܉W܉L) (H܉D) a (mm) Clear span(mm) 
Uniaxial 
30 
60 
120 
30܉60܉187.5 
60܉60܉375 
90܉90܉750 
30 
60 
120 
125 
250 
500 
Biaxial 
30 
60 
120 
30܉187.5 
60܉375 
120܉750 
30 
60 
120 
125 
250 
500 
3.2. The results and discussion 
The equation for stress of a MOR and a BFT specimen caused by the applied load P is used as  
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in which l, b’ are span length and the width, 
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where Ȟ is Poisson’s ratio, a, b, is radii to the support and the load, respectively. The Equation (2) is given 
on Zi and Oh (Zi et al. 2008).  
The uniaxial and biaxial tensile strengths obtained from this experiment are given in Table 2. The final 
failure pattern of the B series specimens is illustrated in Figure 3. The histogram of the strength and the 
number of occurrence is given in Figure 4.  
Table 2: Test results 
 
Flexural strength [MPa] 
Height 30ฬ Height 60ฬ Height 120ฬ 
US BS UM BM UL BL 
Average 6.790 7.780 5.222 6.581 4.097 4.826 
Standard deviation 1.156 1.956 0.776 1.399 0.735 1.031 
 
Figure 3: The failure patterns of BFT specimens. 
Figure 4: The histogram of the uniaxial and biaxial tensile strengths for the experiment (a, b) U3, B3, (c,d) U6, B6 and (e,f ) U12, 
B12 in which the white is for the uniaxial tension and the black the biaxial tension. 
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In order to indentify load-strain relationship of BFT specimens, we conducted additional test (Figure 
5). First figure show that two strain gages are placed in cross directions, second figure show the 
relationship between gage 1 and gage 2 in this initial region is almost identical. 
 
(a)                               (b) 
Figure 5: Load-Strain relationship on the bottom surface of BFT specimens. 
4. Conclusions 
The following conclusions can be drawn about the experimental comparison of the uniaxial and biaxial 
tensile strengths from the test results obtained. 
z The average biaxial flexural tensile strength was greater than the classical modulus of rupture test.   
z The stochastic deviation of the biaxial test was greater than the modulus of rupture test. 
z An increase in specimen size of MOD test and BFT lead to a moderate decrease of average tensile 
strength.  
z It was confirmed that the load-strain relationship was uniform on the bottom surface of BFT 
specimens. 
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